Objective. To assess the long-term safety of no axillary clearance in elderly patients with breast cancer and nonpalpable axillary nodes. Background. Lymph node evaluation in elderly patients with early breast cancer and clinically negative axillary nodes is controversial. Our randomized trial with 5-year follow-up showed no breast cancer mortality advantage for axillary clearance compared with observation in older patients with T1N0 disease. Methods. We further investigated axillary treatment in a retrospective analysis of 671 consecutive patients, aged C70 years, with operable breast cancer and a clinically clear axilla, treated between 1987 and 1992; 172 received and 499 did not receive axillary dissection; 20 mg/day tamoxifen was prescribed for at least 2 years. We used multivariable analysis to take account of the lack of randomization.
Conclusions. Elderly patients with early breast cancer and clinically negative nodes did not benefit in terms of breast cancer mortality from immediate axillary dissection in this nonrandomized study. Sentinel node biopsy could also be foregone due to the very low cumulative incidence of axillary disease in this age group. Axillary dissection should be restricted to the small number of patients who later develop overt axillary disease.
In Western countries, nearly a third of breast cancers occur in patients over 65 years of age. 1 The probability of developing the disease increases with age, and greatest incidence is in women aged 75-79 years. 2 The gold-standard treatment for elderly patients with breast cancer is surgery. Randomized clinical trials that compared tamoxifen as sole initial treatment with surgery in elderly patients with operable breast cancer showed no significant difference between the arms in terms of survival, but unacceptably high local relapse rates in the tamoxifen group: most of these patients required surgery to control local disease progression. [3] [4] [5] [6] Given the central role of surgery as primary therapy, the question arises as to whether surgical evaluation of the axilla can be safely omitted in elderly patients with primary breast cancer and clinically negative axillary nodes.
Axillary dissection is no longer a routine part of the surgical treatment of breast cancer, having been replaced by the less invasive sentinel node biopsy in women with a clinically negative axilla. [7] [8] [9] [10] In fact, axillary surgery is now considered mainly a staging procedure that does not seem to influence breast cancer mortality, since the risk of developing metastasis depends mainly on the biological behavior of the primary. 11 Axillary surgery seems even less important in elderly women because of their high mortality from competing events and the ability of hormone therapy to achieve long-term disease control. 12, 13 Five-year results of our randomized trial comparing primary surgery with and without axillary clearance in T1N0 breast cancer patients C65 years of age showed that axillary surgery may be safely omitted without affecting breast cancer mortality or overall survival. 14 The outcome of this trial fully supported the results of our previous retrospective analysis of consecutive prospectively recruited elderly patients with early breast cancer who also received conservative surgery with or without axillary dissection: After median follow-up of 75 months there was no difference in breast cancer mortality between the two groups. 15 In this paper we present 15-year follow-up results from the same nonrandomized cohort.
PATIENTS AND METHODS

Patients and Treatment
Between January 1987 and December 1992, 1,451 consecutive patients aged C70 years presented at the Istituto Nazionale Tumori, Milan, with primary breast cancer. The present study is concerned with the 671 patients of our previous study with operable invasive breast cancer and no palpable axillary nodes who underwent conservative surgery with (172 patients) or without axillary dissection (499 patients). 15 Patients with synchronous bilateral breast carcinoma, distant metastasis at diagnosis or previous cancer at another site were excluded, as were patients with involved resection margins, since they were candidates for re-excision or radiotherapy.
Postoperative radiotherapy to the breast (not the axilla) was administered to 229 patients and started within 4 weeks of surgery. A cobalt unit or a 6-MeV linear accelerator was used to deliver a total of 50 Gy (daily target dose of 2 Gy) to the residual breast parenchyma in two opposing tangential fields over 5 weeks. A 10 Gy boost was given to the tumor bed. Whether or not axillary dissection and radiotherapy were given depended on patient preference and the opinion of the treating physician. Regardless of hormone receptor status all patients were prescribed 20 mg/day tamoxifen after surgery for at least 2 years.
Hormone Receptor Determination
Tumor specimens were assayed for estrogen receptor (ER) and progesterone receptor (PgR) levels using the dextran-coated charcoal technique according to Ronchi et al. 16 Receptors levels were expressed in fmol mg 
Follow-Up
Patients were seen every 6 months at the outpatient department of our institute for the first 5 years, and yearly thereafter. Mammography and chest X-ray were performed annually, and bone scan every 2 years. Disease status or cause of death was ascertained from clinical records or by contacting patients' general practitioners for patients no longer in follow-up.
Median follow-up was 180 months (interquartile range 168-199 months) in the group without axillary dissection, and 196 months (174-216 months) in the group with axillary dissection.
Statistical Analysis
The main endpoint for investigating the prognostic effect of axillary dissection was breast cancer death. Additional endpoints were: axillary relapse (in patients not receiving axillary dissection), distant metastasis, and ipsilateral breast tumor recurrence (IBTR). Date of surgery was taken as time zero for all analyses; in the absence of any event, time was censored at the hypothetical study closing date of June 30, 2006 . Analyses were performed in a competing-risk framework: when analyzing breast cancer mortality, competing events were death from other malignancy or from other causes; when analyzing each of the breast cancer events (axillary relapse, distant metastasis, IBTR), competing events were the other two possible events, as well as contralateral cancer, other malignancy, and death without evidence of breast disease. 17 For descriptive purposes we estimated the crude (unadjusted) cumulative incidences of axillary relapse, distant metastasis, and breast cancer death for different axillary treatment and treatment-covariate subsets. 17 Cumulative incidence curves were compared using the Gray test. 18 The main analysis, to examine the prognostic effect of axillary dissection, was performed in a multivariable setting, because the study was not randomized and treatment effect estimation had to take into account imbalances between the groups for baseline and prognostic characteristics. Cox models were used to investigate effect of treatment (axillary dissection versus no axillary dissection) on distant metastasis and breast cancer death, by estimating treatment hazard ratios with corresponding 95% confidence intervals. The models included prognostic factors (postoperative breast radiotherapy, pathological tumor size, histologic type, receptor status) modeled using dummy variables, and also propensity score as a linear term to adjust for imbalances in baseline variables influencing the decision to perform axillary dissection. 15, 19 We also used a multivariable Fine and Gray model to perform a statistical comparison of cumulative incidence of breast cancer mortality in the groups that received and did not receive axillary dissection, adjusting for baseline and prognostic characteristics. 20 We then ran another model that included the axillary dissection 9 pT interaction term to test the heterogeneity of adjusted cumulative incidence of breast cancer mortality in the groups that received and did not receive axillary dissection, according to pT categories.
Similar Fine and Gray models (including axillary dissection, covariates, radiotherapy propensity score, and in another model, the radiotherapy 9 pT interaction) were used for statistical comparison of cumulative IBTR incidence in the groups that received and did not receive residual breast radiotherapy, according to pT categories.
In both the Cox and Fine and Gray models the prognostic factors were tested by two-sided Wald tests. p-Values \0.05 were considered significant. The SAS statistical package and R software were used to carry out the analyses.
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RESULTS
Clinical characteristics by axillary treatment group for the entire series are presented in Table 1 . Age distribution was similar in the two groups. Radiotherapy was performed more often in the axillary dissection group (chi-square p \ 0.001). Most patients had pT1 disease, with greater frequency in the axillary dissection group (chi-square p \ 0.001). Infiltrating ductal carcinoma was the predominant histologic type; the axillary dissection group had a higher percentage of both ductal and lobular carcinomas (chi-square p = 0.008).
Concentrations of ER and PgR receptors were determined in 641 patients, 617 of whom (91.6%) were receptor positive (ER?, PgR? or both), with 403 patients (62.9%) positive for both receptors, and 54 (8.4%) negative for ER and PgR. Receptor status differed slightly between the axillary and no axillary treatment groups (chi-square p = 0.054; ER-/PgR? and low-frequency ER-/PgRfused). Table 2 presents the distribution of first events and causes of death by treatment group, together with corresponding 15-year crude cumulative incidence estimates. Table 3 shows estimates of 15-year crude cumulative incidence of main adverse events for each group in relation to postoperative radiotherapy and tumor variables. Note that these estimates are not covariate adjusted, so comparison between treatment groups is likely to be misleading (Fig. 1) . Note that the estimates in Fig. 1 , like those in Tables 2 and 3 , are not adjusted for imbalances in baseline or prognostic characteristics, so comparison between treatment groups is likely to be misleading. According to the Fine and Gray model, breast cancer death did not differ significantly between the two treatment groups (p = 0.480), and the effect of axillary dissection on breast cancer mortality did not differ significantly in pT1 versus pT2-4b patients (p = 0.960 for interaction of axillary dissection with pT) (data not shown). Table 4 shows the results of the multivariable Cox models for investigating the prognostic effect of treatment on distant metastasis and breast cancer mortality with covariate adjustment. No significant axillary treatment effect was observed on the two investigated end points. As regards covariates, breast radiotherapy was not significantly associated with prognosis, whereas pT and histologic type were significantly associated with distant metastasis and breast cancer death, with higher risks associated with[pT1 disease and lobular carcinoma. In addition, ER-negative disease was strongly associated with distant metastasis, with a hazard ratio (HR) over twice that for ER-positive/PgRpositive disease.
Of the 229 patients given radiotherapy, 8 experienced IBTR: 1 subsequently developed distant metastasis and died of breast disease, and 5 died of causes unrelated to breast cancer. Of the 442 patients not given radiotherapy, 38 had IBTR: 6 subsequently developed distant metastasis and died of breast disease, 3 died of other malignancy, and 15 of causes unrelated to cancer. Considering the 430 pT1 patients, 7/88 (8.0%) of those given tamoxifen plus radiotherapy developed IBTR, and 28/342 (8.2%) of those given tamoxifen only developed IBTR. All IBTRs were managed by conservative surgery, which was followed by radiotherapy in eight patients in the no radiotherapy group. The 15-year crude cumulative incidence IBTR was 3.5% (CI: 1.8-6.9%) in patients given radiotherapy, and 8.4% (CI: 6.1-11.5%) in those not given radiotherapy (p = 0.010). The corresponding figures for pT1 patients were 8.0% (CI: 3.9-16.3%) and 7.9% (CI: 5.4-11.5%), respectively (p = 0.845); in pT2-4 patients, crude cumulative incidences (CCIs) were 0.7% (CI: 0.1-5.2%) and 10.0% (CI: 5.6-18.2%), respectively (p \ 0.001) (Fig. 2) . The Fine and Gray multivariable analysis also showed that IBTR incidence differed significantly between the groups given and not given radiotherapy (p = 0.041) and that the effect of radiotherapy on IBTR differed significantly between the pT1 and pT2-4b groups (p = 0.014 for axillary dissection 9 pT interaction) (data not shown).
DISCUSSION
The most important finding of this study is that, after 15 years of follow-up in elderly patients with clinically node-negative early breast cancer treated by conservative surgery and tamoxifen, there was no significant advantage to axillary dissection in terms of breast cancer mortality.
Among the 172 patients who received prophylactic axillary dissection, 33.7% had positive axillary nodes on pathologic examination (29% of patients with pT1 disease), yet only 30/499 patients without axillary dissection (crude 15-year cumulative incidence 5.8%) including 12/296 pT1 patients (crude 15-year cumulative incidence 3.7%) developed overt axillary disease after 15 years of followup. This finding is consistent with the experience of others that the axillary recurrence rate is much lower than the rate of axillary involvement on pathological examination of resected axillary nodes. [23] [24] [25] Consider, for example, the milestone NSABP B-04 trial which compared radical mastectomy with ''simple'' mastectomy in which muscles and axillary lymph nodes (unless axillary disease became evident during follow-up) were left in place. 23 In this study [70% of women were aged 50 years or above. After 25 years, no significant difference in disease-free, distant relapse-free or overall survival was observed between radical and simple mastectomy arms. Furthermore, only 18% subsequently developed overt ipsilateral axillary disease in the simple mastectomy arm, compared with the 40% expected based on the proportion with a positive axilla after prophylactic axillary dissection.
The more recent Veronesi trial on patients aged over 45 years with breast cancer up to 1.2 cm had similar findings. 24 These patients received breast-conserving surgery without axillary dissection, and were randomized to axillary radiotherapy or no axillary treatment. Distant metastasis-free and overall survival did not differ between the two arms, and the rate of axillary relapse in the no axillary treatment arm was only 1.5% after 5 years.
Another recently published randomized trial on women C60 years of age with breast cancer and a clinically nodenegative axilla compared surgery with axillary dissection and surgery without axillary dissection followed by tamoxifen for 5 years. 25 This study found that presence of axillary lymph node involvement did not affect diseasefree or overall survival after median follow-up of 6.6 years.
Our own randomized trial, published in 2005 on patients C65 years of age with T1N0 breast cancer randomly assigned to breast-conserving surgery with or without axillary dissection followed by tamoxifen for 5 years, also showed no advantage in terms of breast cancer mortality or overall survival for axillary dissection after 5 years of follow-up.
14 Only 1.2% of patients in the no axillary dissection arm developed overt axillary involvement.
Two major points emerge from all these studies: rates of overt axillary metastases in those receiving no axillary treatment are much lower than expected; and overall survival and breast cancer mortality do not differ between the axillary treatment and no axillary treatment arms. Axillary dissection may be associated with more accurate staging and improved regional control, but it does not affect breast cancer mortality or overall survival-most conspicuously in older women-supporting the hypothesis that the biologic behavior of the primary mainly determines whether metastatic spread occurs and hence whether the patient will die of her disease. 26 The recent hypothesis that only cancer stem cells give rise to metastases may be of relevance here: these cells are supposed to be slow growing and form only a small proportion of the total population of cancer cells; they may require many years to develop into overt disease recurrence. 27, 28 Little is known, however, regarding the characteristics of breast cancer stem cells.
In the present study over 90% of tumors were ER?, as is normally the case in elderly women. Long-term tamoxifen treatment is known to keep cancer at bay for many year, if not indefinitely, and this may have been an important reason why the rate of overt axillary disease was low in our series. 29, 30 As expected, the multivariable Cox analysis found that large tumor size was a major predictor of distant metastases and breast cancer death in our series, with HRs of 2.6 and 2.3, respectively, for [pT1 compared with pT1 tumors (Table 4) . Somewhat unexpectedly the Cox analysis also showed that invasive lobular histology was a very strong predictor of distant metastasis and breast cancer death compared with other histologies (Table 4 ). This finding is in contrast to a 2004 study which found identical overall and disease-free survival in lobular and ductal carcinoma. 31 We also found that ipsilateral axillary disease was much more frequent in patients with ductal histotype (Table 3) . Furthermore ER-negative tumors were strongly associated with development of distant metastasis. It also appears from Table 3 that, for both groups, postoperative radiotherapy was associated with greater 15-year crude cumulative incidence of adverse events (even though confidence intervals were wide and overlapping). This is because the groups were not stratified (in this table) for tumor size. Larger tumor size in this nonrandomized study will have increased the likelihood of both adverse events and also increased the likelihood of receiving radiotherapy. The multivariable analysis (Table 4) showed radiotherapy to have no influence on outcome in the two groups. However, while 15-year crude cumulative incidence of IBTR in elderly patients with pT1 breast cancer did not differ significantly between the radiotherapy and no radiotherapy groups (and was fairly low at about 8%), the incidence of IBTR was much higher (p \ 0.001, Fig. 2 ) in patients with larger cancers who did not receive radiotherapy. The role of radiotherapy in conservatively treated patients aged C70 years with T1N0 ER? breast cancer was investigated in a recent trial. 32 The patients were randomly assigned to postoperative radiotherapy versus no postoperative radiotherapy to the breast, followed by adjuvant tamoxifen. After 5 years, rates of local relapse were 1% in the radiotherapy group and 4% in the no radiotherapy group, with no difference in overall survival or breast cancer mortality. In the Veronesi trial that investigated the importance of breast radiotherapy in patients with breast cancer up to 2.5 cm receiving conservative surgery, the difference in local relapse rate between the radiotherapy and no radiotherapy arms decreased with advancing age, so that in women aged C55 years the difference was minimal, and in women aged C65 years the difference was no longer present. 33 These data suggest that, in elderly patients with early breast cancer receiving adequate conservative surgery and long-term tamoxifen, radiotherapy may be safely omitted.
Nevertheless our data strongly suggest that radiotherapy is essential in older patients with large tumors.
To conclude, data from the present nonrandomized study and several other studies including randomized trials strongly suggest that elderly patients with early breast cancer and clinically negative axillary nodes do not benefit from axillary dissection. 14, [23] [24] [25] Sentinel node biopsy should also be omitted, as axillary dissection did not impact breast cancer mortality in our study, and the pathological information provided by resected axillary nodes is unlikely to influence adjuvant therapy options, particularly since hormonal therapy is standard for all patients with receptor-positive disease.
We also found that elderly patients with receptor-negative disease had significantly greater rates of distant metastases and breast cancer death than those with receptor-positive tumors, and these patients present a treatment dilemma since hormonal therapy is not indicated. Thus treatment for early-stage breast cancer in elderly patients should be reevaluated; in particular, axillary node dissection should be restricted to patients with clinically involved nodes. We note, finally, that it would be preferable to confirm our findings with a randomized trial, notwithstanding the difficulties in conducting randomized trials in elderly patients, since undetected differences between the groups could have influenced the result. OPEN ACCESS This article is distributed under the terms of the Creative Commons Attribution Noncommercial License which permits any noncommercial use, distribution, and reproduction in any medium, provided the original author(s) and source are credited.
